In recent research on financial crises, large exogenous shocks to total factor productivity (TFP) are used as the driving force accounting for large output falls. TFP fell 3% after the Korean 1997 financial crisis. We find evidence that the large fall in TFP is mostly due to a sectoral reallocation of labor from the more productive manufacturing and construction sectors to the less productive wholesale trade sector, the public sector and agriculture. We construct a two-sector model that accounts for the labor reallocation. The model has a consumption sector and an investment sector. Firms face sector-specific working capital constraints, which we calibrate with data from financial statements. The rise in interest rates makes inputs more costly. The model accounts for 42% of the TFP fall. The model also accounts for 53% of the fall in GDP. It is broadly consistent with the post-crisis behavior of the Korean economy.
Introduction
In the aftermath of the economic crisis in Korea in 1997, detrended total factor productivity (TFP), net of changes in capital utilization, fell by approximately 3% percent.
1 Large and atypical falls in TFP are common in recent episodes of financial crises, including Mexico, Argentina, and Southeast Asia.
2 In this paper we offer both an empirical decomposition and a quantitative model to account for a significant fraction of the fall of TFP in Korea between 1997 and 1998. In recent research on financial crises, two strands of the literature have emerged. In one, large exogenous TFP shocks have been used as the driving force accounting for output falls observed in the data. Two examples are Otsu (2008) and Meza and Quintin (2007) . 3 In the other strand, large TFP falls are considered the consequence of measurement problems.
Regarding the first strand, we question the plausibility of a large exogenous TFP fall in the Korean case. We provide empirical evidence that the fall in TFP in the Korean case is primarily due to labor reallocation across sectors of different productivity. We also provide a model that can account for a large part of this reallocation, and therefore of the fall in TFP.
Regarding the second strand, Calvo, Izquierdo, and Talvi (2006) argue that it is possible that "true" TFP did not change, but rather that a key missing variable fell due to the interaction of financial constraints and rising interest rates. 4 The particular financial constraint that these authors have in mind is the requirement that firms borrow in advance to pay for inputs. When such working capital constraints are present then measured TFP can fall.
However, it is difficult for working capital constraints to produce large falls in TFP in one-sector models. For Korea, such an approach can account for only a small amount of the fall in TFP. Otsu (2008) measures the impact of a working capital constraint on TFP in a one-sector model. His results show that predicted TFP is very similar whether a working capital constraint affects the economy or not.
We highlight a stronger channel to account for the fall in TFP, based on labor reallocation across sectors. In Korea labor fell sharply in the high productivity manufacturing and construction sectors, but only slightly in the remaining sectors. We 1 We are detrending TFP using the Hodrick-Prescott filter. In the following sections we discuss our procedure to measure TFP.
2 See Meza and Quintin (2007) . 3 We discuss related research in more detail below. Meza and Quintin (2007) measure the sensitivity of the fall in TFP during the Mexican crisis of 1994 to factor utilization. 4 Calvo, Izquierdo, and Talvi (2006) present a one-sector model in which "capacity underutilization" is the result of a rise in interest rates. present a two-sector model that accounts for a large fraction of the labor reallocation in the data. The model allows for different working capital constraints across sectors. The model predicts a larger fall of labor in the more productive sector of the economy, which leads to a fall in measured TFP. To eliminate one possible source of the fall in measured TFP, we take into account variable capital utilization, both in the data and in the model.
The labor reallocation we document is on its own a significant puzzle. The manufacturing sector is usually thought to benefit from real depreciations which take place after crises. A two-sector model, for example distinguishing between tradable and non-tradable goods, predicts an increase in the production of exports after a sudden stop of capital inflows. This would lead to labor entering the manufacturing sector. A version of our model without working capital constraints contains these usual dynamics.
Formally, we present two complementary sets of results. First, we have empirical results driven from a multi-sector model of production. Here we ask a basic question: did TFP fall because it fell at the sectoral level or did it fall because resources moved from high into low productivity sectors? To answer this question, we decompose changes in TFP as originating in one of two sources: changes in productivity within individual sectors and movements of resources between sectors with different levels of productivity.
We show that the fall in productivity after the crisis is primarily due to the second channel. In relative terms, labor leaves the manufacturing and construction sectors for the less productive wholesale trade sector, the public sector and agriculture. Among this group, the shift of labor towards the public sector is the most significant. Manufacturing was more than twice as productive as the public sector in 1997.
For our second set of results, we contribute a two-sector small open economy model that quantitatively accounts for much of these resource movements. The model is based on the empirical result that TFP fell because labor moved away from the two sectors that produce most investment goods.
The model has a consumption sector and an investment sector. The consumption sector produces a good that can only be used for consumption. The investment sector produces a good that can be used for investment, consumption and exporting. We also assume that the investment sector uses three inputs: capital, labor and materials. Materials are produced using imported intermediate goods as inputs. We assume that firms face sector-specific working capital constraints. Firms borrow a fraction of their payments to labor and materials in advance of production. They do this with short term debt.
When calibrating, we select the empirical counterparts of the two sectors in the model. The empirical counterpart of the consumption sector is the agricultural, public, and services sectors. The empirical counterpart of the investment sector is the manufacturing and construction sectors. The reallocation of labor in the data corresponds to a movement from the highly productive investment sector to the less productive consumption sector in the model. To match productivity differences in the data, we include a subsidy in the consumption sector in the model. We present evidence that consumption goods are subsidized relative to investment goods in the data. To calibrate working capital parameters, we use the predictions of the model regarding short term interest payments by firms. We calibrate the model with data from financial statements of Korean firms.
The experiment we consider is an exogenous sudden stop of capital inflows together with an unexpected increase in international interest rates. The sudden stop of capital inflows requires the economy to switch from negative to positive net exports. 5 The rising interest rates lead to a fall in the demand for labor in both sectors. In relative terms, labor moves into the consumption sector. As a result TFP falls.
The model predicts a behavior of total labor that is consistent with the data. In the experiment, the crisis produces a fall in total labor. This is due to the presence of working capital constraints. This is an expected result, as the working capital constraint reduces the demand for labor in both sectors. Without working capital constraints, labor would increase after a sudden stop, especially in the exporting sector. An increase in labor is a standard result in sudden stop models where the behavior of aggregate labor is driven by a negative income effect. 6 Our model allows for income effects on labor supply.
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The working capital constraints produce falls in labor in both sectors, as in the data. The fall in labor is larger in the investment sector. The labor reallocation in the model is driven by different working capital constraints across sectors. First, they cover a higher share of the firm's inputs in the investment sector. Second, the calibrated value of the working capital parameter is larger in that sector.
The model is broadly consistent with the performance of the Korean economy. Labor falls more in the investment sector. The model accounts for 84% of the fall in labor in this sector. Net exports grow sharply above trend. The price of the consumption good falls, as in the data. The experiment accounts for 42% of the fall in TFP observed in 1998, net of changes in capital utilization. The model accounts 5 For this to be the case, in the model economy the stock of net foreign assets has to be negative in 1998. This is an endogenous outcome in the experiment.
6 See Chari, Kehoe, and McGrattan (2005) . 7 A large part of the related research on small open economies eliminates all income effects on labor supply. The utility function used comes from Greenwood, Hercowitz, and Huffman (1988) . This is particularly important in models in which TFP is introduced as an exogenous variable. The assumption on the utility function maximizes the negative effect of a fall in exogenous TFP on labor.
for 53% of the fall in GDP. We would like to emphasize that this is one of the first papers to account endogenously for a significant fraction of the fall in TFP, net of changes in capital utilization, after a financial crisis. In the case of GDP, we are accounting for a large fraction of the fall without imposing large exogenous TFP shocks.
Related Research
A growing number of papers studies the response of economies to financial crises. We briefly compare our work to previous and current research. Cook and Devereux (2006) study the Korean episode using a two-sector model. They use a model with a tradable and a non-tradable sector. In Korea, the tradable sector contracted relative to the non-tradable sector. 8 Cook and Devereux (2006) achieve a fall in GDP in the tradable sector with a working capital constraint on imports, which they place exclusively on the tradable sector. However, they do not generate the sectoral reallocation observed in the data, as the predicted fall in tradable GDP is smaller than that of non-tradable GDP. Our model predicts a fall in labor in the investment sector larger than the one in the consumption sector, as in the data. Regarding productivity, Cook and Devereux (2006) do not report on the predicted behavior of TFP. Kehoe and Ruhl (2009) propose accounting for the TFP fall in Mexico in 1995 through a sectoral reallocation from non-tradable to tradable production.
9 Measured TFP falls because of unobserved labor adjustments costs. They find that this mechanism cannot account for the large fall in TFP after the Mexican 1994 crisis. In our model labor shifts from a high productivity sector to a low productivity sector, which yields stronger results. Kehoe and Ruhl (2008) show, using a set of models, that changes in terms of trade cannot have first-order effects on the measurement of TFP when output is measured as chain-weighted real GDP. They also show that if GDP is measured at base year prices, the first-order effects of terms of trade shocks are quantitatively small.
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Korea measures value added using base year prices.
11 When computing productivity with model variables, we use base year prices. As long as the destination sector for labor has lower measured productivity in base year prices than the origin sector, the channel we identify would survive the choice of alternative base years. Gertler, Gilchrist, and Natalucci (2007) attribute changes in TFP in Korea between 1997 and 1998 to capital utilization. Meza and Quintin (2007) quantify the role of utilization using a one-sector model in a set of countries after recent financial crises. We take into account sector-specific capital utilization when measuring productivity, both in the data and in the model. Thus, we are accounting for the fall in TFP beyond utilization. Meza and Quintin (2007) also quantify the role of labor hoarding in the case of the Mexican 1994 crisis. In their model, the labor input is adjusted by effort. Their method of identifying effort using a one-sector model finds it to be a function of the output to labor ratio in aggregate data. As we show in Appendix C, a movement of labor from high to low productivity sectors in the data maps into lower measured effort in their model. 12 Mendoza (2006) conducts a growth accounting exercise for the Mexican crisis of 1994. He uses a production function for gross output that includes as inputs capital adjusted for capital utilization, labor and imported intermediate goods. He finds that changes in capital utilization and imported intermediate inputs can both account for significant amounts of the fall in gross output. We take into account capital utilization as mentioned above. We study changes in productivity related to value added.
In the case of Korea, Otsu (2008) has recently found that, in the simplest small open economy model, an exogenous TFP shock can account for most of the fall in GDP. Our results indicate that part of what Otsu (2008) identifies as a fall in TFP is due to labor reallocation. Experiments in the empirical section of the paper show that changes in the allocation of labor in 1998 are of primary importance in accounting for the fall in TFP.
Finally, recent papers examine the sectoral composition of output in developing economies over time, studying why factors devoted to agriculture decline while manufacturing and service output increase in the initial stage of development. See the papers cited in Ngai and Pissarides (2007) . Our choice of sectors in the model is a particular case of theirs: one consumption and one investment sector.
Model-based TFP Measurement and Decompositions
Our immediate task is to account for the fall in TFP in Korea after its 1997 crisis, net of changes in capital utilization. We decompose TFP into two components: the distribution of labor between sectors and the level of productivity within sectors.
To do this we examine productivity in a model with multiple sectors. Our approach closely mirrors Ohanian (2001) .
We now describe the model we use for TFP measurement. There are N sectors. Each one produces a different good using capital (adjusted for utilization, or effective capital) and labor.
Output in sector i is given by:
where A it , k it and l it are sector i TFP, effective capital and hours worked, respectively. To compute aggregate real GDP, sectoral outputs are added using a set of constant prices, p i . Real GDP is:
Now suppose a statistician observes aggregate output, effective capital stocks and labor inputs. The statistician assumes that they are related by a one-sector model with a production function of the form:
where k t and l t are aggregate effective capital and labor, and θis the share of capital income in value added. The statistician measures aggregate TFP A t from the formula.
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The definitions of output imply:
. 13 We define aggregate effective capital as the sum of effective capital across sectors.
Therefore:
This is an expression for TFP as a function of relative prices p i , sector-specific productivities A it , and a set of weights. Our preference is for weights that sum to one in every period. To do this, we impose two assumptions. First, we assume that the capital income shares θ i are identical across sectors. Second, we assume that capital and labor are hired competitively at wages and interest rates that are the same across sectors. Because of these assumptions the effective capital to labor ratios are also the same across sectors and the aggregate capital share matches the sectoral capital shares. 14 This produces an approximation for aggregate TFP that we denote A a t :
where l it /l t are labor shares.
Data
We take the above definitions of TFP to annual data. We use data at a yearly frequency. 15 We construct empirical counterparts of variables in the multi-sector model. 16 We choose the base year to be 1997. The crisis began in December of that year. We compute capital stocks from long series on investment data. We adjust all data by the relevant deflators so that nominal and real variables have the same value in 1997. 17 We construct hours worked by sector up to 2000 because the employment categories underlying the data change significantly after that year. 18 We measure income shares from the Korean input-output matrix. 19 14 We do not derive these relationships here. We are also implicitly assuming that utilization rates are the same across sectors. 15 Our data sources are the National Statistical Office of Korea, http://www.nso.go.kr and the Bank of Korea, http://www.bok.or.kr. 16 We provide more detail on data and calculations in Appendix A. This appendix is available at http://ciep.itam.mx/∼felipe.meza/.
17 Korean data has a given base year of 2000. We use 1997 prices because they are more relevant to the events of the crisis than 2000 prices. 18 The change in categories is that after 2000 employment in construction is not reported. See http://www.nso.go.kr/eng2006/emain/index.html. 19 We adjust labor income shares data taking into account income from the self-employed.
We measure capital utilization by sector. The aim is to eliminate a source of changes in measured TFP that is well understood. 20 We implement the measurement of variable capital utilization in each sector in a similar manner to Meza and Quintin (2007) . We discuss how to generalize this procedure to the multi-sector model in Appendix B.
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Using these data, measured TFP in sector i (in terms of base year prices) is:
In the data we observe value. We cannot distinguish price from quantity. Therefore the empirical counterpart of p i is implicit in measured A it . We use these sectorspecific productivities to calculate approximate TFP, which we denote A a t .
Decompositions
Our first question is the accuracy of the approximation of TFP. For this we make two comparisons. First we plot the two series in Figure 1 . The series track each other closely. Second, we calculate the correlation between first differences of the series. The first differences over the sample show a correlation of 84.0%. After 1990, the correlation rises to 92.0%.
To attribute changes in A t to changes in sector-specific TFPs or labor reallocation, we carry out counterfactual experiments with A a t . For these experiments, we construct alternative approximate TFP series. Our rationale for using approximate TFP instead of aggregate TFP is that the implied weights sum to one in every experiment, which allows for a simple interpretation of results as a weighted arithmetic average.
TFP series depend on two sets of sequences. The first is the labor shares of the individual sectors, which for key sectors are attached as Figure 2 . The second is the sector-specific TFPs which are attached for the same sectors as Figure 3 . The excluded sectors are quantitatively unimportant to the subsequent analysis. On these figures, a vertical line indicates 1997, the year of the crisis.
In the aftermath of the crisis, there are falls in the labor shares in manufacturing and construction and increases in the share of labor in the public sector and agriculture. There is a smaller increase in the labor share of the wholesale trade sector. This reallocation is a movement from high to low productivity sectors, as can be seen from Figure 3 . We compared the behavior of the labor share in manufacturing to its trend. We wanted to distinguish between the effect of the sectoral transformation of the Korean economy, and the effect of the financial crisis. After its peak in 1991 and until 1997 the labor share in manufacturing decreased by 4% on average. In 1998 it fell by 12%. We computed average geometric growth rates for the full sample, and for the sample starting in 1991. We then detrended the labor share. In both cases the labor share in manufacturing falls below trend in 1998. We also computed its Hodrick-Prescott trend, using different smoothing parameters. We also found that the labor share falls below trend in 1998. We interpret this as evidence that the crisis had a negative effect on the allocation of labor to this sector.
We briefly describe the behavior of the sector-specific TFP series. Immediately following the crisis, sector-specific TFPs rose in manufacturing and construction. TFPs fell in the wholesale trade sector and in agriculture. Now we report the counterfactual experiments. For the first experiment we analyze the effect of changes in the labor shares. We construct an alternative approximate TFP series letting labor shares grow at their 1990-1997 average geometric growth rates from 1997 onwards. 22 We let sectoral TFPs move as in the data. Removing the shifts in the composition of labor produces a TFP that is significantly 22 We renormalize the labor shares to add up to one in every period. Likewise we can examine the change in TFP that is caused by changes in sectoral TFPs. We allow the shares of labor in each sector to change as in the data, while letting the sector-specific TFPs grow at their 1990-1997 average geometric growth rates from 1997 onwards. This construction eliminates the contributions of the falls in TFPs during 1998 to the fall in TFP. This second counterfactual TFP is above the actual one during the 1998 crisis, but less so than the first counterfactual. We plot this counterfactual TFP in Figure 4 , with the label "Sectoral TFPs obey trends."
We also construct a third counterfactual TFP series in which both labor shares and sectoral TFPs grow at their respective trends from 1997 onwards. We plot this counterfactual TFP in Figure 4 , with the label "All series obey trends." The objective of this counterfactual TFP is to have a reference as to how much TFP would have grown once the labor-share and TFP fluctuations of 1998 are eliminated.
Comparing the three counterfactuals to the actual TFP series, we find that the main contributor to the fall of TFP is the labor reallocation during the crisis. The first counterfactual, in which labor shares grow at their respective trends, is closer to the third counterfactual in which all variables (shares and TFPs) grow at trend. This counterfactual produces a series that reduces the distance between the third counterfactual and the observed TFP by 61%. The second counterfactual, in which TFPs grow at their respective trends, shows that changes in TFPs are important to account for the fall in TFP, but have a secondary role. This counterfactual produces a series that reduces by 51% the distance between the third counterfactual and TFP. 23 We have one more set of experiments that attributes the fall in TFP to changes in labor of specific sectors. We continue our accounting exercise by modifying the counterfactual in which all series obey trends. For each sector, we now allow only its labor share to move as in the data. Whatever surplus (deficit) labor exists is assigned to the remaining sectors based on their 1997 shares. In these experiments, sector-specific TFPs grow at average rates. Most of these additional TFP series lie below the counterfactual in which all series obey trends and above the counterfactual in which all TFP series move according to trend while labor series move as in the data. The closer these additional TFP series are to the latter the more important the sectoral labor movement is for the behavior of TFP. For example, in 1998 the counterfactual in which all series grow at trend except the manufacturing labor share captures two-thirds of the difference between the two reference series. Manufacturing is a highly productive sector with a significant fall in its labor share.
For key sectors, we report the decrease in TFP produced by the change in its labor share. We report the size of the fall relative to the gap between the two reference series. The falls are the following: agriculture 8%, construction 9%, wholesale trade 15%, the public sector 35%, and manufacturing 66%. This exercise allows us to identify the manufacturing sector as the main sector responsible for the fall in TFP. This exercise also identifies the reallocation of labor towards the public sector as important for the fall in TFP. The increase of the public-sector labor share pushes down TFP significantly because it is a sector with low productivity. Finally, there are smaller contributions to the fall in TFP from the wholesale trade, construction and agricultural sectors.
an intermediate good from abroad. We include these ingredients because opening the economy allows us to study trade balance dynamics. Additionally, during 1998, Korea observed a change in the behavior of terms of trade, which we will introduce exogenously into the model. Fourth, we introduce a working capital assumption. In this way, interest rates have an important quantitative effect on the economy.
Each sector produces a good that has different uses. One of the sectors produces only a consumption good. We label it the consumption sector. The other sector is a consumption plus investment sector. It produces both types of goods. We call it the investment sector as a shorthand.
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The consumption sector is modeled after the services, public and agricultural sectors in the data. Of the sectors that are important for movements in TFP, the public sector is included in the empirical counterpart of this sector.
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The investment sector produces a good that can be used for consumption, investment and exporting. In the data most exports are produced by the empirical counterpart of the investment sector. 26 We assume that the investment sector uses three inputs: capital, labor and an intermediate good called materials. In the data intermediate inputs are a substantially larger fraction of gross output in this sector. 27 Of the sectors that are important for movements in TFP, manufacturing is contained in the empirical counterpart of this sector.
Materials are produced combining domestic and foreign intermediate goods. The domestic intermediate good is produced by the investment sector. We assume imports into the economy are intermediate goods. In the data most imports are intermediate goods. 28 We assume exogenous terms of trade. We introduce an ad-valorem subsidy on production in the consumption sector. The reason for this inclusion is that equilibrium productivity differences in levels between sectors are a product of base year prices and technological parameters. The subsidy affects productivity measurement by lowering the base year price of the consumption good. 29 There is direct evidence that consumption goods are sub- 24 We could alternatively use the labels low productivity/high productivity sectors. 25 Our division is not without flaws for quantitatively accounting for changes in TFP. For example, it does combine the low productivity agricultural and public sector with some service sectors that have high productivity, such as financial services. 26 We consolidated sectors in the 1995 Korean input-output matrix into two sectors which are the empirical counterparts of the consumption and investment sectors in the model. We find that 81% of exports are produced by the investment sector. 27 We calculated the ratio of intermediate inputs to gross output in each sector using the consolidated input-output matrix. The ratio is 70% for the investment sector and 40% for the consumption sector.
28 Data from the Korean 1995 Transaction Table of Imported Goods and Services shows that in that year 72% of all imports were intermediate inputs.
29 To see why this important, consider a two sector model without any subsidy in which the only factor of production is labor and technologies are linear. In such an economy, competitive labor sidized relative to investment goods in the data. The data imply a net indirect tax of 16.3% on the investment sector and of 4.5% on the consumption sector. 30 In the subsequent calibration, we use the subsidy to match measured productivity differences between sectors before the crisis.
The working capital assumption means that firms have to borrow a fraction of their payments to labor and materials in advance of production. This assumption is used in a growing number of papers on the effects of financial crises, after Neumeyer and Perri (2005) , who focus on the business cycle properties of small open economies. Two examples of papers studying financial crises that assume a working capital constraint are Cook and Devereux (2006) and Otsu (2008) . We allow working capital requirements to be sector-specific. We impose discipline on the values of working capital parameters by matching data related to short term interest payments across sectors.
Consumer
The model has a representative consumer with a utility function defined over sequences of consumption goods and leisure. In each time period there are two consumption goods, one from each sector. The good from the consumption sector in period t is denoted c ct . The consumption good from the investment sector is denoted c nt . The representative consumer splits time between leisure and labor in each of the sectors. Labor allocated to the consumption sector is denoted l ct . Labor allocated to the investment sector is denoted l nt . The intertemporal utility function is:
Parameter βis the discount factor. Parameter ω determines the intertemporal elasticity of substitution. Parameter ρ determines the elasticity of substitution between the two consumption goods. Parameter φ determines the weight of each kind of consumption in the utility function. Parameter ηdetermines the weight of leisure in the utility function. In every period consumers select hours worked, consumption and the next period's capital stock in both sectors. Next period capital in the consumption sector markets eliminate differences in measured productivities via prices. Restuccia and Urrutia (2001) use a tax on investment to generate differences in the relative price of investment across countries with similar investment technologies. 30 We calculate the ratio of GDP at market value to GDP at basic prices using the consolidated input-output matrix. The ratio is equal to one plus the net indirect tax. is denoted k ct+1 . Next period capital in the investment sector is denoted k nt+1 . Adjusting either capital stock requires consumers to pay an adjustment cost. The adjustment cost function is
2 , where k jt represents the capital stock in sector j and j ∈ {c, n}. Consumers can lend resources to the rest of the world. Net foreign assets chosen in period t are denoted b t+1 . A unit of resources lent abroad receives a payment of r t , which is the exogenous international interest rate. Consumers receive a wage w jt in each sector. They rent their capital to firms, receiving r jt in each sector. Firms choose capital utilization and incur depreciation. Consumers' income streams are generated by their capital, labor and interest payments and transfers, T t . The relative price of the consumption good is denoted p ct . The investment good is the numeraire. Choices satisfy:
Production
We now describe the production side of the model. To ease notation, in what follows we eliminate time subscripts from static equations. Gross output in the investment sector is produced with a Cobb-Douglas function, requiring three inputs: capital, labor, and materials. Materials are denoted by m. There is a representative firm in the investment sector, which hires its factors of production competitively. The price of materials is p m . Firms in this sector borrow a fraction of factor payments to labor and the intermediate good in advance of production. The fraction is γ n . Firms borrow at the international interest rate. The total cost of labor and materials is (w n l n + p m m)(1 + rγ n ).
31 Optimal allocations in the investment sector solve:
31 Va r i a b l e r represents the international interest rate corresponding to time elapsed between the beginning of a period and the end of the same period. In our notation, the interest rate for period t is r t+1 .
Va r i a b l e u n represents capital utilization, and δ n is the endogenous depreciation rate. Productivity A n is constant. Materials are produced by a firm using two inputs: a domestically produced intermediate good, z, and an imported intermediate good, f. Imports are bought at the exogenous price p f . Given that the price of the good that can be exported, the investment good, is the numeraire, p f represents the price of imports relative to the price of exports, i.e. the terms of trade. Materials are produced using an Armington aggregator. The allocation of materials solves:
Parameters in the materials subsector have the following roles. Parameter αde-termines the elasticity of substitution between domestic and imported inputs. The elasticity of substitution is 1 1−α . Parameter µ determines the weight of each input in production. Parameter M is a scale parameter. We have chosen to use this production function, as opposed to a Cobb-Douglas one, to allow for values of the elasticity of substitution between domestic and foreign goods different than one when we calibrate the model.
The representative firm in the consumption sector uses two inputs: capital and labor. The technology is Cobb-Douglas. The consumption sector is subsidized by the government with a constant ad valorem subsidy τ c . Firms in this sector borrow a fraction of payments to labor. The fraction is γ c . The total cost of labor and materials is (w n l n )(1 + rγ c ). Allocations in the consumption sector solve:
Va r i a b l e u c represents capital utilization, and δ c is the endogenous depreciation rate. Productivity A c is constant.
Market Clearing
The law of motion for capital stocks is:
Feasibility in the investment and consumption sectors, and the current account equation are:
where e t represents exports. Finally, we assume that resources used to finance the subsidy to the consumption sector are taken lump sum from consumers. We also assume that interest payments from working capital are given lump sum to consumers.
32 Therefore:
Measuring TFP in the Model
Using model variables, we can calculate the empirical counterparts of real GDP, aggregate TFP A t and approximate TFP A a t . We define real GDP in period t at constant 1997 prices as the sum of value added in all sectors in this economy:
This is equivalent to:
p c1997 y ct + y nt − p f1997 f t − z t . 32 We are assuming that domestic banks lend to firms to pay for working capital. Domestic banks have access to foreign banks, and lend at the international interest rate.
It is easy to show, using the market clearing conditions, that this expression is equivalent to total expenditure in final goods at basic, 1997 prices:
where nx t = e t − p f1997 f t are net exports. Aggregate TFP in period t is:
where parameter θis the aggregate capital share. In this expression we are measuring TFP using the sum of effective capital in each sector as total effective capital. We are assuming that a statistician in the model economy can observe effective capital in each sector, or infer it using the model. When we construct empirical counterparts of model variables, we measure capital utilization using as framework the model.
Approximate TFP A a t in period t is:
Note that in the model measured TFP in the consumption sector p c1997 A ct is constant over time and equal to p c1997 A c . TFP in the investment (and materials) sector equals:
Parameter α kn is the capital income share of GDP in the investment sector.
Calibration
In this section we briefly describe the calibration choices. More detail is included in the Appendix. We divide the calibration of parameters into three parts. We first calibrate parameters related to technology, except productivity levels, and parameters in the utility function. In second place, we describe the calibration of productivity parameters. Third, we calibrate working capital parameters. We summarize the calibration procedure in Table 1 . This table presents the list of parameters and the empirical observations and targets that we used to assign parameter values. 
Calibrating Technology and Utility Parameters
We calibrate income shares in the model using the 1995 Korean input-output matrix. The input-output matrix has data on many different sectors. For each sector in the matrix there are data on factor payments and use of intermediate goods, as well as on consumption, investment and exports produced by each sector, and imports demanded by each sector. We rearrange the matrix by collapsing it into two sectors, which correspond to the consumption and investment sectors in the model. We allocate each sector in the matrix to one of the sectors in the model. For example, the manufacturing sector in the matrix is part of the investment sector in the model. A similar manipulation of the matrix is done, for example, in the multi-sector model of Kehoe and Ruhl (2009) .
The empirical counterpart of variables related to the investment sector is the sum of those variables for the manufacturing and construction sectors. For example, the empirical counterpart of investment-sector GDP in the model is the sum of manufacturing and construction GDP. The empirical counterpart of variables related to the consumption sector is the sum of those variables for the remaining sectors.
The result of this procedure is Table 2 , which is the input-output matrix corresponding to the model. All values are reported as percentages of total value added (GDP) at market prices. We calibrate all income shares with the modified input-output matrix. Numbers in parenthesis refer to values taken from it. To calibrate income shares we do the following:
1. The share of capital income in the consumption sector output, θ c , is equal to payments to capital in that sector (14) divided by consumption sector GDP (55). 2. The share of capital income in the investment sector output, θ kn , is equal to payments to capital (9) divided by investment sector gross output, which equals 130. In turn, gross output consistent with our model is the sum of domestic inputs both produced and used in the investment sector (60), value added (36) and imports (34). Imports are included because they are part of materials, which are the intermediate input used by this sector. 3. The share of labor income in the investment sector output, θ ln , is equal to payments to labor (27) divided by investment sector gross output. 4. The share of income that goes to the materials sector, θ mn , is equal to total intermediate inputs divided by investment sector gross output. In turn, total intermediate inputs m are equal to the sum of domestic inputs (60) which correspond to z in the model, and imports (34), which correspond to f in the model.
Next we turn to calibrating parameters in the materials sector:
1. We start with the elasticity between imported and domestic inputs. The expression for this elasticity in the model is 1 1−α . We choose α= 0.5. Ruhl (2005) 33 We abstract from the observation that some imports are final goods and that some imported inputs are used by sectors that produce consumption goods. This is discussed in the Appendix. presents a range of high frequency estimates for the elasticity. Our implied elasticity of two falls near the center of this range. 2. We calibrate µ using the input-output matrix. We use the first order conditions of the firm that produces materials m and the assumption that the price of materials p m and imports p f are one in 1997, the base year. More detail appears in the Appendix. 3. The scale parameter M is computed from the production function in materials, given values for f, z, α and µ.
We now turn to the calibration of the depreciation functions. In the model, the depreciation rates are endogenous. We choose parameters λ c and λ n such that in the long run:
1. The depreciation rate δ c equals 4%. 2. δ n equals 5%.
In a steady state, the depreciation rates are δ c = r λc−1 and δ n = r λn−1 , where r is the long run value of the international interest rate. We have two observations in mind for the choices of long run values of the depreciation rates. First, Horvath (2000) provides evidence that depreciation rates are higher in construction and manufacturing than in agriculture and services. Second, values around 5% are frequently used in one-sector models.
We now calibrate parameters in the capital adjustment cost function. We choose the value of ψ, the capital adjustment cost parameter, to satisfy two conditions:
1. First, we want ψto be large enough to prevent investment from becoming negative in 1998. This outcome is possible in the model due to the large shocks that affect the economy. 2. Second, we want ψto be small enough such that the model's predicted speed of convergence matches empirical estimates of such variable for a country with high growth like Korea. We choose to match a speed of convergence of 10% per year given the results in Islam (1995) and Caselli, Esquivel, and Lefort (1996) . 34 Next we turn to parameters in the utility function:
1. We set the value of ρ such that period utility is (φln(c c )
We set the value of βequal to 1/(1 + r), where r is the long run value of the real interest rate on net foreign assets. We discuss the choice for this value in the description of the experiment.
3. We choose the value of ω to match the usual value of 0.5 for the intertemporal elasticity of substitution. 4. We choose the value of φ with data from the input-output matrix. Parameter φ corresponds to the ratio of c c to total consumption expenditure. We choose household plus government consumption expenditure of agricultural goods and services (which is 44 in the matrix) as the empirical counterpart of c c . Regarding total expenditure, we choose household plus government consumption expenditure on all goods except for durable goods (59) as the empirical counterpart of total consumption expenditure in the model. 5. The parameter which governs the disutility from labor, η, is chosen to match observed aggregate hours worked in 1997, 30% of available discretionary time.
Calibrating Productivity Parameters
We calibrate A c and A n from the definitions of value added in the consumption sector and gross output in the investment sector, respectively. 35 We use time series for y c , y n , l c , l n , m, k c and k n .
Regarding the construction of empirical counterparts of y c and y n , we construct time series from national accounts for the corresponding sectors. We take into account, as when calculating income shares with the input-output matrix, that they refer to value added and gross output, respectively.
The empirical counterpart of labor in the investment sector, l n , is the sum of the labor inputs calculated for manufacturing and construction in the first part of the paper. The empirical counterpart of l c is the aggregate labor input minus the input in the investment sector.
We measure capital utilization, depreciation rates and capital stocks in the same manner they are measured in the model. More detail is included in the Appendix.
We use the empirical counterparts of model variables to measure productivities. We use the same definitions of A c , A n , T F P n and aggregate TFP A t as in the model section: 1. To calibrate TFP in the consumption sector, we assume that p c1997 is one in the data. 36 We calculate:
2. To calibrate A n , we use gross output in the investment sector in the data GO n 35 Parameter A n is not the empirical counterpart of TFP in the investment sector, because y n is gross output, not value added. 36 We have assumed in the data that p c1997 = p f1997 = p m1997 = 1. In our baseline experiment these three prices take values close to one in 1997.
and calculate:
3. To calculate TFP in the investment sector, we use data on GDP excluding the consumption sector and the constructed capital and labor inputs. 37 Measured TFP in the investment sector equals:
4. In that expression, α kn is the corresponding share of capital income in GDP. We calibrate this share by dividing payments to capital in this sector (9) by GDP (36) from the input-output matrix. 5. We measure aggregate TFP in period t as:
We need the value of the aggregate capital income share θ. We calibrate θby dividing total payments to capital (23) by total GDP (92). 6. We calibrate the subsidy to the consumption sector, τ c . We choose its value to match the ratio T F Pn pcAc from the data in 1997, before the crisis. The value of the ratio we target is 1.42. The interpretation is that the empirical counterpart of the investment sector is 42% more productive than the counterpart of the consumption sector.
Calibrating Working Capital Parameters
The model has predictions on interest payments by sector. We use these predictions to choose values for working capital parameters γ c and γ n . We have two calibration targets, which are the ratio of (net) interest payments in the investment sector relative to those in the consumption sector, and the ratio of (net) interest payments in the consumption sector relative to its GDP. We match the values of these targets in 1997. The data source is the Financial Statement Analysis (FSA) produced by the Bank of Korea.
38 More information about calibrating these two parameters appears in the Appendix.
We report on the values of the two targets. The value of the first target, the ratio of interest payments in the investment sector relative to those in the consumption 37 Labelling this variable GDP n is a slight abuse of notation since it also contains value added from materials used in production of investment goods. 38 The data can be found at http://ecos.bok.or.kr/EIndex en.jsp.
sector, is 3.05. Net interest payments by the investment sector are approximately three times bigger than those of the consumption sector. The value of the second target, the ratio of interest payments in the consumption sector relative to its GDP, is 0.018. Net interest payments by the consumption sector represent less than 2% of that sector's GDP. Matching these targets implies a value of γ c = 0.5029 and of γ n = 0.8160. As a check on the empirical plausibility of these values, we measured the ratio of net interest payments by the investment sector relative to its GDP in the data and in the model. In the data, the value is approximately 9%. In the model it is 10%.
Experiments
Our goal is to see how far we can go in explaining the dynamics of the Korean economy based on a sudden stop of capital inflows and two shocks: an interest rate shock and a terms of trade shock. We rule out TFP shocks.
The experiment is set up as follows. The initial period corresponds to 1994. We choose this year because available data on interest spreads begin in that year. We set the initial capital stocks in each sector to their measured values in 1994. We choose an initial level of foreign debt such that the debt to real GDP ratio is equal to 11% in 1997. 39 With these choices, initial capital stocks are below their steady state values. Consequently, Korea borrows along a transition path to finance consumption and capital accumulation. We turn our attention to the interruption of this borrowing.
The crisis is represented by an unanticipated sudden stop of capital inflows. Consumers cannot contract new debt from the rest of the world for one period. This period corresponds to 1998 in the data. Kehoe and Ruhl (2009) model a sudden stop of capital inflows in a similar way, in the case of the Mexican crisis of 1994. Simultaneously, the economy faces unanticipated changes in interest rates and in terms of trade in 1998. Our measure of the interest rate rises. This has a negative effect on the economy via working capital constraints. Our measure of terms of trade falls. That is, terms of trade improve.
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To carry out the experiment we construct empirical counterparts of exogenous variables in the model, starting with interest rates. To construct the sequence of real international interest rates, we follow Meza and Quintin (2007) . 41 The average interest rate between 1994 and 1997 was 3.7%. Interest rates rose in 1998 to a value 39 Korea had a net foreign asset to GDP ratio of -11% in 1997, as reported by Lane and MilesiFerretti (2006) . 40 Imports become relatively cheaper as the relative price of imports falls. 41 We use data on interest rates on US Treasury bills, a spread on Korean debt calculated by JP Morgan and US inflation to calculate a real international interest rate. of 8.5%, to fall in the subsequent years. By 2001 the interest rate had fallen to 3.4%.
To construct terms of trade we compute the ratio of a manufacturing import price index to an export price index reported by the Bank of Korea. Terms of trade show a strong trend after 1998. Given that the model converges to a steady state, we take detrended terms of trade as the empirical counterpart of such variable in the model. This series falls in 1998. That is, terms of trade improved. Note that the improvement in terms of trade pushes labor into the investment sector, as the price of imported inputs becomes cheaper.
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In the experiment, we assume that the values of exogenous prices are perfectly anticipated for the years 1994-1997 and 1999-2001 . The values correspond to those from the data. However, consumers are surprised in 1998. In the case of interest rates, the initial expectation of the interest rate for 1998 is to match its 1994-1997 average. This value is 3.7%. When the economy reaches 1998 the interest rate takes a value of 8.5%, higher than what had been expected. That value is the one observed in the data. After 1998 all expectations for interest rates are accurate and match the data. We also make the assumption of a one-period surprise for terms of trade. After 2001, the interest rate and terms of trade take a constant value equal to their 1994-1997 average. 
Main Results
Before displaying results graphically, we discuss the intuition behind them, focusing on labor. We begin with the effects of the sudden stop. Before the sudden stop Korea is a growing economy that is borrowing in every period. The sudden stop of capital inflows requires the economy to suddenly switch from negative to positive net exports. The current account equation takes the form e 1998 − f 1998 p f1998 = −r 1998 b 1998 . Given that consumers cannot borrow during 1998, they have to make interest payments to the rest of the world, which makes them poorer. This increases labor supply. More resources are allocated to the investment sector, given that it produces exports. The sudden stop in our model produces effects on aggregate and 42 We are using data for import and export price indexes reported on a Korean currency (won) basis. These data are available at http://ecos.bok.or.kr/EIndex en.jsp. The predicted falls in TFP and GDP in 1998 are very similar if we construct terms of trade using data on export and import deflators. 43 We solve the model assuming that a steady state is reached in finite time. This assumption provides us with a system of nonlinear equations that we solve numerically. We assume that the last debt level has the same value as the previous one. Given that we start away from a steady state, the economy converges to a point different from the starting one. We have made the following check on our calculation: if we start the economy at the solution found for the last period, and all shocks take long run values, then the economy stays in the same point. This is evidence that our algorithm has found a steady state. sectoral labor that other forces in our model must overcome. This is not the only force we need to overcome. As mentioned earlier, terms of trade improve. This behavior has the effect of pushing labor into the investment sector, given that imports are an input for it.
The negative effect on labor demand is due to the rise in interest rates interacting with the working capital assumption. Firms hire less labor, because the total cost of labor rises. 44 The working capital constraints produce falls in labor in both sectors, as in the data. The fall in labor is larger in the investment sector. The labor reallocation in the model is driven by different working capital constraints across sectors. First, they cover a higher share of the firm's inputs in the investment sector. Second, the calibrated value of the working capital parameter is larger in that sector.
At the same time, there is another channel that assists in reallocating resources towards the consumption sector. Investment falls sharply as the international interest rate rises. The interest rate represents the opportunity cost of accumulating one unit of capital net of depreciation. The rise in the interest rate drives down the demand for investment goods, which reduces the demand for labor in the investment sector. The fall in investment is also linked to the negative income effect on the consumer, as she tries to smooth the shock by reducing investment sharply.
Note that the fall of aggregate labor is unusual for a model of a sudden stop, given the representative consumer's utility function. We use a utility function that allows for income effects on labor supply. In the standard one-sector small open economy model as in Chari, Kehoe, and McGrattan (2005) , a sudden stop produces a negative income effect that leads consumers to supply more labor. As mentioned before, we have such an effect.
The key predicted outcomes are attached in Figures 5, 6 and 7. We compare detrended data with detrended model outcomes. We detrend model outcomes and data using the Hodrick-Prescott filter. We do this because even though the model does not include exogenous long run growth, there is a transition towards a steady state. All variables have been indexed to take a value of 1 in 1997. Because labor moves into a less productive sector, the model is able to reproduce a large part of the behavior of key variables in the data after the Korean crisis. In Figure 5 we compare data and predictions for labor reallocation and approximate TFP. In the data, labor in the investment sector falls more than labor in the consumption sector. The model predicts this reallocation. In terms of labor in each sector, the model accounts for 84% of the fall in labor in the investment sector. The model does predict a fall in labor in the consumption sector that is a small fraction of the one observed.
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In Figure 6 we show results for aggregate TFP and real GDP. The model accounts for 42% of the fall in TFP. The model also accounts for 53% of the fall in GDP. These results are due to a reduction of total labor because of the crisis, and to a relative reallocation of labor towards the consumption sector, which has a lower productivity.
There are three reasons why the model accounts for a large fraction of the fall in TFP, but still leaves an important fraction to be explained. First, we showed in the empirical section of the paper that even though labor reallocation is the most 45 On a different note, the recovery of labor after the crisis is slower in the model than in the data. In particular, labor in the investment sector falls in 2000. This is due to permanently lower interest rates after 2000. Figure 6 . Benchmark Experiment: TFP and GDP important factor behind the fall in TFP, the behavior of sectoral TFPs also plays a role. Second, in the model there are two sectors which differ in terms of TFP levels by 42%, as mentioned in the calibration. In the data there are nine sectors among which there are larger differences in TFP. The TFP of the manufacturing sector is 2.4 times bigger than the TFP of the wholesale sector. Therefore, as the number of sectors goes down, the reallocation of labor can account for a smaller fraction of the fall in TFP, as labor shifts among sectors with smaller TFP differences. Third, the model predicts a reallocation of labor smaller than the one observed. In the data, at the same time labor falls in both sectors, the labor share of the consumption sector rises. We find that the predicted labor share of the consumption sector rises, but not as much as in the data. In levels, the labor share of the consumption sector rises 4.4%, compared to 5.6% in the data. The predicted rise of the labor share of the consumption sector is 80% of the one in the data. This limits the size of the fall in TFP.
In Figure 7 we compare data and predictions for net exports and for investment. In the case of net exports, we compute them both in the model and in the data, and report deviations from trend. The model predicts a switch from a trade deficit to a trade surplus in 1998, as in the data. For net exports to switch to a surplus, b 1998 has Figure 7 . Benchmark Experiment: Net Exports and Investment to take a strictly negative value. This is an endogenous outcome in our experiment.
46
The level of net exports switches from negative to positive. In Figure 7 we plot deviations from trend. There is a large movement above trend in 1998, as in the data. In the case of investment, the model predicts a fall larger than the one observed. The same factors which lead to fall in labor in the investment sector are responsible for the fall in investment. These include the working capital requirement, the rise in the opportunity cost of investment and consumption smoothing.
The model is consistent with the behavior of the relative price of the consumption good. The ratio of the deflator of the consumption sector relative to the deflator of the investment sector is the empirical counterpart of the price of the consumption good. In the data the ratio fell 6%. 47 In the model the price falls 6%. There is one more result from the experiment that we mention briefly. Assuming a working capital constraint on materials leads to a fall in measured aggregate TFP through a channel different than labor reallocation. Namely, there is a fall in productivity T F P n . In Appendix D we isolate this channel, and find it is small. 48 46 We calibrated initial debt to match the debt to GDP ratio in 1997. Nothing in the calibration choices prevents b 1998 from potentially taking a strictly positive value.
47 This is the fall after taking into account the Hodrick-Prescott trend. 48 Appendix D is available at http://ciep.itam.mx/∼felipe.meza/.
Eliminating Working Capital Constraints
We run an experiment in which working capital parameters are set to zero. Therefore, interest rates have no direct impact on factor demand. This experiment is interesting because the maintained hypothesis in Otsu (2008) is that the Korean economy was not facing working capital requirements.
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The main result of this experiment is that GDP rises. This is reminiscent of Chari, Kehoe, and McGrattan (2005) , whose result was mentioned earlier. In a model with a utility function that allows for the consumption-leisure choice to depend on consumption, a sudden stop of capital inflows leads to a negative income effect that increases labor supply. Therefore, GDP rises. In this experiment there is an increase in total labor which is driven by a rise in labor in the investment sector. In turn, this rise in labor in the investment sector is due to the fact that this sector is the one that trades with the rest of the world. The sudden stop forces the economy to switch to a trade surplus. Therefore, labor supplied in the investment sector increases. In contrast, the utility function used by Otsu (2008) eliminates completely income effects on labor supply. 
No Exogenous Sudden Stop
An alternative experiment in which there is no unexpected sudden stop leads to bigger falls in TFP and GDP, but has the counterfactual implication of a worsening of the trade balance. We have run an experiment in which the only unexpected shock is the rise in interest rates in 1998. 51 Given that there is no exogenous sudden stop, there is no force in the model that requires net exports to become strictly positive. The fall in labor in the investment sector is larger than in the main experiment. This leads to large falls in TFP and GDP. 52 Given that Korean consumers know that the rise in interest rates is temporary, they smooth this shock via the current account. Thus, the trade balance worsens in 1998.
Sectoral Productivity Shocks
We carry out an experiment in which we match the observed change in sectoral TFP fluctuations between 1997 and 1998. The main purpose of this experiment is to measure the impact of observed changes in sectoral TFPs on aggregate variables. 49 We recalibrate parameters to match the same targets as in the benchmark experiment. 50 Otsu (2008) uses the utility function in Greenwood, Hercowitz, and Huffman (1988) . 51 We also allow for a surprise in terms of trade. Given that we calibrate the model with targets from 1997, we do not need to recalibrate parameters.
52 TFP falls by more than 60% and GDP falls by more than 70%.
We first modify the model to allow for sectoral productivity shocks. In this version of the model we allow A c and A n to vary over time. Note that, as mentioned earlier, A c is equivalent to TFP in the consumption sector. A n refers to gross output productivity in the investment sector. Given that the model converges to a steady state, while in the data these productivities have a trend, we take detrended productivities as the empirical counterparts of these variables. We make informational assumptions similar to those regarding interest rates and terms of trade in the main experiment. We assume that the values of productivities are perfectly anticipated for the years 1994-1997 and 1999-2000 . The values correspond to those from the data. However, consumers are surprised in 1998. Consumers expect productivities to take their average values for the period 1994 to 1997.
Given that A c corresponds to measured TFP in the consumption sector, by direct measurement we match the fall in TFP observed in the data in that sector. The fall is 3.9%. In the case of A n , changes in this variable imply values for T F P n , which is an endogenous variable in the model. In the data, T F P n rises 1.9% between 1997 and 1998. We find that predicted T F P n rises less than in the data. To match the observed rise in T F P n , we feed into the model a value for A n in 1998 that is slightly higher than observed. We adjust A n from 1.009 to 1.0123.
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It is important to note that our reallocation story could account for changes in TFP in the consumption and investment sectors in the data, in a similar way as reallocation accounts for part of the changes in aggregate TFP. For example, the public sector is part of the empirical counterpart of the consumption sector in the model. We know that this is a low productivity sector to which labor moved into in 1998. This shift could account for part of the fall in TFP in the consumption sector.
Once shocks in A c and A n are introduced, we compute predictions as before. In Figure 8 we report the behavior of labor and approximate TFP. There is a reallocation of labor towards the consumption sector as in the data. The rise in T F P n makes the investment sector more productive. This reduces the size of the fall of labor in that sector as compared to the benchmark experiment. The fall in TFP in the consumption sector pushes down approximate TFP. In Figure 9 we report the response of TFP and GDP. In this experiment the model accounts for 94% of the fall in aggregate TFP in 1998. The model accounts for 60% of the fall in GDP.
Regarding other variables, we find that introducing productivity shocks to the model does not improve significantly predictions on the paths of net exports and investment, relative to the benchmark experiment. The main reason is that A n changes by a small amount between 1997 and 1998. In our experiment this variable rises 0.8%. Therefore, this shock has a small positive effect on the economy. As a consequence, for example, investment falls less than in the benchmark experiment, but still more than in the data. On the other hand, A c falls by 3.9%. However, this large fall does not have much impact on the allocation of resources across sectors and over time. The reasons for this result are discussed in Kimball (1994) and Fisher (1997) . These authors mention that the consequence of a change in productivity in a consumption-goods sector is a change in consumption in the same direction, and a change in its relative price in the opposite direction, without an effect on labor allocation or intertemporal substitution. 
Alternative Parameter Values
We report the results of the model under alternative parameter values. We are interested in different values for elasticities in the model. We vary are the elasticity with regard to imported intermediate goods, which is governed by α, and the elasticity between consumption goods, governed by ρ. We vary only one parameter at a time, while keeping other parameters at the values used in the main experiment.
We vary the trade elasticity in both directions. Our baseline calibration implies an elasticity of 2. We consider two alternative possibilities, α= {−1, 0.7}. This implies elasticities of 0.5 and 3.33. These values are near the endpoints of the range of high frequency estimates reported in Ruhl (2005) . The results from this and all subsequent experiments are attached in Table 3 .
A low value of αreduces the elasticity between imported and domestic inputs. Given that the sudden stop leads to an improvement in the trade balance, imports fall. Imports fall more than in the main experiment. The less substitutable are imports, the smaller is the demand for labor in the investment sector needed to produce domestic inputs. Labor in this sector falls more than in the main experiment. This leads to a larger fall in TFP and GDP.
The second parameter we consider is the elasticity between consumption goods. There is little evidence on this elasticity. Our baseline elasticity is 1.0 which comes from a choice of ρ = 0. We consider alternatively parameter values for ρ = {−1, 1 3 }. These imply elasticities of 0.5 and 1.5 respectively. A lower value of ρ reduces the elasticity between consumption goods from each sector. Consumers are less willing to substitute between consumption goods. More output from the investment sector is needed after the crisis relative to the main experiment. The fall in labor in the investment sector is smaller. The fall in labor in the consumption sector is larger. The smaller fall of labor in the investment sector leads to a smaller fall in TFP. Note: We report the value of the net foreign assets to GDP ratio in 1997, not the percentage of the change in the data accounted for.
Conclusion
We argue that the fall in measured TFP after the Korean crisis does not represent an actual decline in Korea's technological capabilities. We decompose TFP into two sources of fluctuations: changes in labor allocation or changes in TFP at the sectoral level. The fall in TFP in Korea in 1998 is mostly due to the reallocation of labor from high productivity sectors, manufacturing and construction, to low productivity sectors, which are wholesale trade, the public sector and agriculture. We construct a two-sector model with working capital constraints to account for the observed labor reallocation. In contrast to many papers on small open economies, we assume a utility function that allows for income effects on labor supply. The model accounts for a significant part of the fall in labor in the more productive sector of the economy, the investment sector. As a result, TFP and GDP fall. The model accounts for 42% of the fall in measured TFP after the crisis. The model also accounts for 53% of the fall in GDP.
We mention some lines for future research. For Korea, a significant fraction of the fall in detrended TFP remains unaccounted for. In the data there is a large fall in TFP in the combined services, public and agricultural sector. We posit that much of what is unexplained comes from the behavior of the public sector.
Another question is the generalization of our mechanism to other countries and to other crises. On the empirical side, this would require two facts: the manufacturing sector to be significantly more productive than the rest of the economy, and a reallocation of labor away from that sector during a crisis. For other countries, it may be quantitatively important to consider a division of the economy that splits exporting firms away from the rest of the manufacturing sector.
Appendix: Calibrating the Model
In this Appendix we provide further detail on the calibration procedure.
A.1 Calibrating Technology Parameters The Consumption and Investment Sectors
We calibrate most parameters in the model using the 1995 Korean input-output matrix and Korean national accounts data at a yearly frequency. When used, national product accounts were adjusted to 1997 prices.
We consolidate sectors in the Korean input-output matrix into two sectors. The empirical counterpart of the investment sector is the sum of the manufacturing and construction sectors. The empirical counterpart of the consumption sector is the sum of the remaining sectors. We take out durable goods from consumption and add them to investment in the combined manufacturing and construction sector. We measure gross output taking into account that the data imply connections between sectors that the model does not. We ignore the flows of intermediate goods within the consumption sector and the flows of intermediate goods between the consumption and investment sectors when constructing the empirical counterparts of y n , gross output in the investment sector, and m, intermediate inputs in the investment sector. When rearranging the input-output matrix, we report measures of output both at basic and at market prices. We keep track of values at basic prices because the time series on output by industry used in the first part of the paper and in this section are reported at basic prices. We have also adjusted data on compensation of employees (payments to labor) by a factor related to the operating surplus of private unincorporated enterprises (OSPUE). Data reported by the United Nations on national income for Korea in 1992 show that the fraction of OSPUE within total operating surplus was 62.7%. We attach the modified input-output matrix as Table  2 . All values are reported as percentages of total value added at market prices.
The Materials Sector
We calibrate µ and M using the input-output matrix. We use the first order conditions of the firm that produces materials m and the assumption that the price of materials p m and imports p f are one in 1997, the base year. The first order condition for domestic intermediate inputs, z, gives us that:
We consolidate data by industry to construct empirical counterparts of model variables. We calculate net interest payments by sector. Net interest payments equal interest expense minus interest income. This variable is positive for both sectors. We make two adjustments to the data when making these calculations. We adjust data for the composition of assets and liabilities. Our goal is to eliminate long term assets and liabilities. We make this choice because working capital payments in the model are short term interest payments. We also adjust for coverage. The data set excludes some industries in the consumption sector.
The adjustment for the composition of debt works as follows. The data report interest income and interest expense. We scale each one to eliminate interest on long term assets and liabilities. Specifically, we adjust interest income by the factor Quick Assets / (Quick Assets + Investments). In this ratio, quick assets refer to all short term assets in the balance sheet. Investments refer to long term assets, excluding tangible and intangible assets. Note that this ratio takes a value of one if Investments are zero. Therefore there would not be any adjustment. The larger is the amount recorded as Investments, the smaller the factor becomes. Therefore, adjusted interest payments become smaller. We adjust interest expense by the factor Current Liabilities / (Current Liabilities + Long Term Liabilities). Similarly to the adjustment on interest income, the larger is the amount recorded as Long term liabilities, the smaller is the factor, and therefore interest expense is scaled down.
The adjustment for coverage works as follows. The FSA excludes some industries belonging to the consumption sector. Importantly, it excludes agriculture and the public sector. We scale up the sector's net interest payments by a factor related to GDP size. The factor is GDP From Consumption Sector / GDP Excluding Same Industries as FSA.
